Eleven published studies of the etiology of travellers' diarrhea (TD) were reviewed define the etiology of TD and to exam newly developed technology such as Real-Time multiplex polymerase chain reaction (PCR) to identify multiple pathogens in one assay to define the cause of TD. Using PCR methods bacterial pathogens were found in 72% of patients acquiring diarrhea in Latin America and in 80% in travellers with illness acquired in Southeast Asia). In these studies, enterotoxigenic Escherichia coli as the predominant pathogen (42% in Latin America and 28% in Southeast Asia). Ciprofloxacin-resistant Campylobacter was commonly associated with TD in Southeast Asia. Multiplex PCR has improved the detection of enteropathogens and allowed better assessment returning travellers hospitalized with TD and those with persistent diarrhea.
Introduction
The first thorough description of the epidemiology and clinical features of travellers' diarrhea (TD) was by Kean in 1963 . 1 The topic has been updated by Steffen, Hill and DuPont more recently in their systematic review in 2015. 2 It is obvious from these two papers that the rates of TD remain essentially the same over the past 50 years. An infectious agent can be identified in 60-80% of individual with TD using research techniques which include DNA probe, PCR and conventional methods. 3 The important causes of TD are diarrhea-producing Escherichia coli including strains of enterotoxigenic (ETEC) and enteroaggregative (EAEC) E. coli, Campylobacter, Salmonella and Shigella, norovirus, astrovirus, Giardia and Cryptosporidium. The diagnosis of TD is usually obtained through a combination of several tests. [2] [3] [4] Current methods in detection of enteric pathogens are microbiological culture, immunoassays and standard polymerase chain reaction (PCR) and real-time PCR. Conventional laboratory-based culture tests are time consuming and have a low yield. Quantitative real time PCR approaches detect bacterial, viral and parasitic pathogens across multiple laboratories with high sensitivity and excellent reproducibility and quantification. 5 The aims of the review were to look at recent data on the etiology of TD and to exam newly developed technology such as multiplex PCR to identify the cause of TD.
Methods
We searched the PubMed, Refworks and Ovid Medline for publications on etiology of TD from 2010 through 2016. Search terms included were etiology of TD, multiplex PCR, and diagnosis of TD. Studies were included if they are published in English.
Data extracted from published studies including enteric pathogens identified, identification methods and condition of samples collection. TD was defined as the occurrence of three or more episodes of unformed stools within 24 h after more than 2 days arrivals the country visited with at least one of the following symptoms: vomiting, nausea, abdominal pain or fever.
Results
Eleven published studies between 2010 and 2016 reported data on the etiology of TD and met the criteria of the study ( Table  1) . The total population with TD in this review included the studies of 4838 diarrhea samples for detection of a broad range of enteric pathogens by multiplex PCR. A total 1389 samples were collected from patients developed in Latin America and 990 were collected from South or Southeast Asia. One of the studies had unspecified regions included 2459 diarrhea stool specimens.
Most common pathogens identified from patients with TD were enteric diarrhea-producing E. coli, especially ETEC and (Table 2) . Campylobacter, Shigella, Salmonella, Norovirus, Giardia and Cryptosporidium. ETEC was the most frequently identified in travellers to Latin American found in 42% of subjects to the location. In contrast, Campylobacter was more often in identified in Asia compared with Latin America, 16 and 2%, respectively. Norovirus was the most common viral cause of TD 15 when travellers visited Latin America. Mixed infections in patients with TD were common, found in 34% in cases studied from Latin America and 41% from Southeast Asia. To detect intestinal pathogens, conventional culture and antigen-direct detection methods were compared with several automated molecular detection assays, including Luminex xTAG GPP, BioFire FilmArray GI Panel and BD Max EPP. Individual targets on each panel were presented in Table 3 ). Sensitivity and specificity were calculated with respect to the comparator methods. All three panels had high sensitivities, 90% for Shigella, Salmonella, Campylobacter, rotavirus, adenovirus and norovirus in comparison to both a positive microbiological culture and real-time PCR positive gold standard to identify the cause of TD. Luminex xTAG GPP had low specificity for Salmonella identification (61%, Table 3 ) using culture as a gold standard. Using conventional PCR as a reference method, BioFire FilmArray GI panel yielded sensitivity and specificity of 100% for Giardia and Cryptosporidium. BD Max EPP had sensitivity of 93% for Cryptosporidium, 99% for Giardia, 100% for Entamoeba histolytica. Multiplex PCR was found to have a higher level of sensitivity than the routine culture methods for common enteric pathogens. Evaluation of sensitivity is unreliable for Shigella spp., Y. enterocolitica and Aeromonas spp., due to the lack of positive results by culture methods and the few or no positive results by multiplex PCR. The use of multiplex PCR in published studies did not always result in a significant improvement in specificity. PCR methods may be the optimal means of diagnosing protozoal enteric parasites included in the assays where published specificities were 100% (Table 3) .
Discussion
Several enteric bacteria were found to be the most common organism isolated in different regions in this review. Diarrheaproducing E. coli were responsible for a large proportion of TD. A major challenge in identifying diarrheagenic E. coli strains is that they share many biomarkers and genetic sequence other commensal strains.
ETEC produces heat-labile (LT) and/or heat-stable (ST) enterotoxins. 18 Our recent TD studies have shown that ST was the most frequent toxin type expressed among ETEC strains in Mexico, Guatemala, and India. 19 Because ST is poorly immunogenic vaccine manufacturing efforts to date have focused on the immunogenic LT component for vaccine development. 20, 21 Additional virulence factors are colonization factors (CFs). To date over 25 CFs have been identified. 22 Antibodies against CFs are thought to be protective against ETEC infection and thus determining the most prevalent CFs in developing countries may help in developing vaccine candidates that have been evaluated in local children and international travellers to these regions. [23] [24] [25] [26] Including CF antigens in vaccines is important and may allow protection of poorly antigenic ST-producing ETEC. 27 Campylobacter was found to be commonly associated with TD occurring in Southeast Asia. Not only has Campylobacter been found to be important as a cause of TD in Asia, but ciprofloxacin-resistant strains were seen in these areas before other regions of the world. 28 Campylobacter strains now are often resistant to fluoroquinolones throughout the world, making decisions about self-treatment of TD complicated. Patients with TD often shed multiple pathogens which also complicates assessment of etiology. The most commonly identified co-pathogens in stools of patients with TD are ETEC and EAEC, 29 probably because they are the two most common pathogens in this population. Similar to culture methods, PCR diagnostics inherently favor identification of the most abundant pathogen. 3 A false-negative result most likely occurs in the case of a low copy pathogen in a stool sample together with one or two highly abundant pathogens. This possibility can be controlled only by other methods and/or re-sampling. A multiplex quantitative PCR test has been developed to detect common TD associated pathogens in <6 h. It reliably detects enteric bacteria (diarrheagenic E. coli, Campylobacter, Shigella, Salmonella), viruses (norovirus, rotavirus and adenovirus) and parasites (Giardia, Cryptosporidium and E. histolytica). The problem with this diagnostic approach is cost. Multiplex PCR permits parallel testing of different pathogens and 16-40 samples can be performed. The study demonstrated that the use of multiplex assays can improve the diagnosis of TD 6 but the cost prohibits the routine use in evaluating patients with acute TD. These expensive assays are more appropriate for persistent diarrhea of travellers. 30 Seventy previous undetected enteric pathogens using conventional culture methods were identified positive with Lumniex xTAG GPP panel. 6 This improved the diagnosis of TD significantly. The equipment is expensive in the range of $60 000 and the kits that run the broad range of pathogens in a single assay cost $750. This technology is likely to become less expensive in the future with more efficient methods and equipment. By comparison, culture can take several days and has technician requirements. While testing for conventional pathogens such as Shigella, Salmonella and Campylobacter fits with most diagnostic laboratories, only research laboratories are set up to look for the non-Shiga toxin-producing diarrhea-causing E. coli strains.
Considering the large proportion of culture negative cases of TD we must continue to look for new agents. ETEC Bacteroides fragilis and Arcobacter are two agents often not pursued 4 and viruses other than noroviruses or rotaviruses are likely to be responsible for a proportion of illness. The molecular assays will need to update their platforms as new pathogens are identified.
Conflict of interest:
None declared.
